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METHOD AND DEVICE FOR THE COUNTERPRESSURE-SAFE SEPARATION OUT 
AND ELIMINATION OF PARTICLES FROM FLUID STREAMS 

Description 



[0001] The invention relates to methods for operating a filter, especially a particle filter, 
for an internal combustion engine, whereby particles in the filter that can be removed by a 
regeneration process, especially soot, as well as particle constituents that cannot be removed 
by a regeneration process, especially ashes, are separated out of a fluid stream that enters the 
filter on the raw gas side and that exits on the clean gas side in that the fluid stream is forcibly 
passed through a filter wall that separates the raw gas side from the clean gas side and in that 
the particles are continuously or discontinuously removed from the filter by the regeneration 
process, whereas the particle constituents are disposed of. Moreover, the invention relates to 
appropriate devices for this purpose. 

[0002] German patent application DE 100 29 5 13 Al discloses a device and a method for 
increasing the operating time of a particle filter until it becomes necessary to clean non- 
regenerable particle constituents that are, for example, washed out. In this context, however, 
the fundamental problem remains that the filter has to be dismantled for the cleaning 
procedure and then re-installed after the cleaning. This procedure entails quite considerable 
costs, in addition to which the cleaning procedure calls for maintenance to be carried out in 
the workshop, thus involving temporary downtimes. In order to keep the costs and downtimes 
as low as possible, loading with particle constituents at high levels is required and allowed to 
occur. Here, however, the clogging of the channels causes a relatively high waste gas 
counterpressure which, among other things, has a detrimental impact on the fuel consumption 
of the internal combustion engine. 

[0003] The invention is based on the objective of providing a method and a device with 
which the removal of non-regenerable particle constituents from a filter is simplified. 

[0004] This objective is achieved by the first method according to the invention in that 
the particle constituents are continuously or discontinuously moved into a receiving device 
that can be connected or that is connected to the raw gas side during the operation of the 
filter. In this context, the property of incorporation of the particles and of the particle 
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constituents is utilized, a phenomenon that was observed within the scope of the present 
invention. The particle constituents are at first deposited relatively uniformly on the filter 
surface together with the particles. During regeneration processes, the combustible particles 
disappear partially or completely. The particle constituents are left behind. As a result of the 
fluid stream flowing through the raw gas system, the particle constituents are gradually 
transported downstream and they ultimately accumulate in the vicinity of stagnation points of 
the raw gas stream. The receiving device is preferably arranged in the area of such stagnation 
areas of the raw gas stream. Thus, a filter is not to be operated for such a long time that the 
non-regenerable particle constituents clog the raw gas side of the filter to such an extent that 
the latter is almost blocked (with all of the above-mentioned disadvantages) and cleaning 
cannot be avoided. Instead, during the normal operation of the filter, the particle constituents 
are moved into a receiving device that is continuously or discontinuously connected to the 
raw gas side, so that during its entire operating (service) life, the actual filtering surface is 
only charged at loading rates which, for instance, do not have a negative effect on the waste 
gas counterpressure. In a first alternative method, the channels on the raw gas side are closed 
by a closure wall that can be at least partially opened in order to dispose of the particle 
constituents. In a second alternative method, a separation surface is provided in the filter 
element where the filter can be opened in order to dispose of the particle constituents. 
Optionally, a combination of the first and second alternative methods can also be provided. In 
this context, the particle constituents can likewise be transferred into a receiving device from 
which they are disposed of or else directly removed, for instance, by suction. Both methods 
have in common that fact that they prevent the raw gas side of the filter from becoming so 
clogged with non-regenerable particle constituents that, even after a regeneration process, the 
active filter surface area of the system is reduced to such an extent that the waste gas 
counterpressure rises to impermissibly high levels and a demanding cleaning operation 
becomes necessary involving washing out or even a complete replacement of the filter. As far 
as the method according to the invention is concerned, the shape, configuration, material and 
production process of the filter are basically immaterial; all that is significant is that the clean 
gas side of the filter can be connected or is connected to a receiving device or else that the 
channels on the raw gas side, which can be of any desired shape, are provided with a closure 
wall that can be at least partially opened. 

[0005] In a refinement of the invention, the fluid stream is imparted with a pulsating flow 
continually, occasionally or as needed. The pulsating flow is initiated by the waste gas stream 
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of the internal combustion engine and can be systematically intensified by resonance states. 
The pulsation can also be actively triggered, for example, by appropriately actuating the 
engine brake flap, the variable turbine geometry (VTG) adjustment mechanism or the waste 
gate valve of a waste gas turbocharger. In particular, the pulsating flow causes the particle 
constituents to become detached from the filter wall to which they adhere after being filtered 
out of the fluid stream and causes them to subsequently be moved in the direction of the 
receiving device or of the closure wall. This migration effect also takes place in a closed 
system (receiving container) but it is intensified when - as will be elaborated upon below - 
the stream systematically flows through the system (the receiving container). As an 
alternative or in addition to the pulsation of the fluid stream, a medium that is under pressure, 
especially pressurized air, can be fed into the filter on the raw gas side, preferably by means 
of a nozzle system. 

[0006] In another embodiment of the invention, a flow exists, especially through the 
receiving device - as already elaborated upon above - that is to say, a slight waste gas stream 
or else a directly introduced slight fluid stream is systematically fed through the receiving 
device. As a result, particularly in conjunction with the pulsating flow, the particle 
constituents are continuously being moved into the receiving device. In order to remove the 
particles that are being moved into the receiving device along with the particle constituents, 
the receiving device is provided with a regenerable filter surface, so that, aside from the 
particle constituents, the particles that have been moved into the receiving device can be 
separately removed by means of regeneration. This also increases the collecting capacity of 
the receiving device. The flow outlet leading out of the receiving device is preferably 
connected to the clean gas side. In this context, the quantity of particles or particle 
constituents exiting through the flow outlet is negligibly small. The particle constituents as 
well as, if applicable, the particles that have accumulated in the receiving device can be 
eliminated, for instance, by means of a suction device that is preferably connected during 
routine maintenance in the workshop. However, it is also provided for the suction procedure 
to be performed on site, for example, employing an appropriate (industrial) vacuum cleaner. 
In such a case, the filter bags of the vacuum cleaner have to be disposed of in accordance 
with any regulations that might apply. Here, the filter, together with the housing and any 
accessories, remains on the internal combustion engine or in the vehicle in question, so that 
the cleaning work is considerably reduced in comparison to conventional systems. 
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[0007] In another embodiment, the disposal of the particle constituents can be done in 
such a way that the outlet leading out of the clean gas side of the filter is closed and the fluid 
stream and/or a medium that is under pressure flows - optionally pulsating — through the raw 
gas side of the filter. With this method, (the particles and) the particle constituents are 
eliminated especially meticulously and thoroughly from the filter and from the receiving 
device to which, in turn, a suitable suction device can be connected. This disposal procedure 
is preferably carried out during workshop maintenance but it can also be performed during 
normal operation of the internal combustion engine without the connection of a suction 
device. 

[0008] The filter, optionally including the regenerable filter surface of the receiving 
device, is regenerated by feeding nitrogen dioxide into the filter, so that continuous 
(controlled) oxidation of soot occurs. It goes without saying that the filter can also be 
discontinuously regenerated thermally, for example, by means of a burner or by means of an 
(electric) heater integrated into the filter. 

[0009] Of course, the filters configured according to the method optionally have all of the 
devices that are needed for the above-mentioned refinements of the basic method. 

[0010] Additional advantageous embodiments of the invention can be gleaned from the 
description of the drawing where the embodiments depicted in the figures are described. 

[0011] The following is shown: 

[0012] Figure 1 - a first embodiment of an appertaining filter, and 

[0013] Figure 2, 2a - a second embodiment of an appertaining filter. 

[0014] The filter 1 shown in Figure 1 is employed to clean the waste gases of particularly 
a self-igniting internal combustion engine, said waste gases containing particles, especially 
soot particles, as well as particle constituents, especially ashes. In particular, the ashes are 
burned constituents of the lubricating oil of the internal combustion engine and, in contrast to 
the particles, cannot be separated out from the filter 1, particularly a soot filter, by means of 
thermal or other regeneration methods. In the filter 1, the particles as well as the particle 
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constituents are removed from the waste gas, whose direction of flow 2 into the filter 1 on the 
inlet side is indicated by the arrows. This is done in that the filter 1 is surrounded by a 
housing having an inlet that, in an inlet area, feeds the waste gases on the raw gas side into 
raw gas channels 3. The raw gas channels 3 are open towards a collecting chamber 4 located 
in the filter 1, although the collecting chamber 4 is only connected to a receiving device 5 
configured as a collecting container. The collecting chamber 4 as well as the receiving device 
5 are tightly sealed vis-a-vis the environment (only in the receiving device 5 can an opening - 
which will be elaborated upon below - be created for purposes of attaining a slight flow). In 
this manner, the waste gas is forcibly passed through the filter wall 8 or filter walls 8 that 
separate a raw gas channel 3 from a clean gas channel 7. The clean gas channels 7 open up 
into an outlet area of the housing that is separate from the inlet area, said outlet area being 
connected to an outlet in the housing wall. In the embodiment shown in Figure 1, the raw gas 
channels 3 as well as the clean gas channels 7 are designed as flat channels that are arranged, 
for example, at an approximately right angle relative to each other or else on top of each other 
in an alternating manner, so that a clearly visible filter structure is obtained. While the stream 
is passing through the filter 1 or, to put it more precisely, is penetrating the filter walls 8, the 
particles as well as the particle constituents are filtered out of the waste gas and remain in the 
raw gas channels 3, normally adhering to the place where the waste gas penetrates the filter 
wall 8. Then, by means of a continuous or discontinuous regeneration process, the particles 
are removed without leaving residues, whereas the particle constituents at first remain at that 
particular place on the filter wall. Especially as a result of the pulsation of the waste gas 
stream, which can be intentionally caused or intensified if so desired, the particle constituents 
break loose from the filter wall 8 and move in the direction of the collecting chamber 4 and 
accumulate in a receiving device 5 in the form of an agglomerate 6 of particle constituents. 
This movement is enhanced or intensified if the above-mentioned opening in the receiving 
device 5 brings about a slight flow velocity in this direction. 

[0015] The embodiment according to the section depicted in Figure 2 and the top view in 
Figure 2a show a filter la which, in principle, functions in the same manner as the previously 
described filter 1 although it is constructed differently. Here, the filter la is configured in the 
form of a cylinder and the collecting chamber 4a is preferably arranged in the center axis of 
the cylinder. The outlet area in this embodiment is formed by a collecting channel 9a that in 
principle can be arranged anywhere in the filter la. The clean gas channels 7a are open 
towards this collecting channel la [sic], while the raw gas channels 3a are open towards the 
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collecting chamber 4a. This filter la is placed into a housing in which the inlet area leading 
into the raw gas channel 3a surrounds the filter la like a ring. The outlet area with its 
centered outlet leading out of the housing is connected to the collecting channel 9a. The 
particle constituents collect as an agglomerate 6 in the receiving device 5a. Within the scope 
of the invention, the configuration of the filter 1, la shown in each of the embodiments can 
also have any other desired design (oval, conical, rectangular, etc.). 
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